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“As defined by IOM [Institute of Medicine], systematic review ‘is a scientific investigation that
focuses on a specific question and uses explicit, pre-specified scientific methods to identify,
select, assess, and summarize the findings of similar but separate studies.”” (NRC, 2014)

“The output of a systematic review can be “narrative” (structured review and summary of the
available data), “qualitative” (non-numerical conclusions, including conceptual frameworks), or
“gquantitative” (meta-analysis or meta-regression).” (Deeks et al., 2011 [Cochrane Collaboration])

1 |nstitute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews. p.13-34. The National Academies Press. Washington, D.C. 2011 4
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® Initially developed for evidence-based medicine (clinical trials)

Cochrane: a non-profit founded 1993 to conduct & share health
intervention systematic reviews

® Growing importance for

e Public health

Wit/ s www.cochranelibrarv.com

 Social interventions

e Economic evaluations

Betrer evidence for o better world

ntal science a

. . hitps://www.campbelicollab
° ECO|Og|CaI |mpaCtS oration.org/library htm!

e Human health hazards

hitp://www.environmentale

vidence.or

* Exposure *Slide from: EPA SR CoP SharePoint Site
See site for additional background materials
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® Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (hito://www . nrisma-statement.org/)

— “Evidence-based minimum set of items for reporting in systematic review and meta-analyses”... The “classic” checkilist.
— Word-based form focuses on reports evaluating randomized trials, but can be applied to other review types

® RepOrting standards for Systematic Evidence Syntheses (ROSES) (httos://www.roses-reporting.com/)

- “Preparation of systematic review and map protocols and final reports... details that should be reported”
— Multiple forms available (excel-based):

o Systematic review protocols and Svstematic review renorts

« Systematic ma rotocols and Systematic map reporis

« Literature flow diasrams

- Extracts information similar to above, with mandatory and optional steps, with modifications such as:
« Type of review

« Deviations from protocol, with justifications

« Flexibility in method used for critical appraisal of study validity and how this will be used in the evidence synthesis

« Tracks author responsibilities, search update procedures, stakeholder engagement, effect modifiers, type of
evidence synthesis, and estimated comprehensiveness of the review 6
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1. Objectives and Rationale V Based on Scoping within EPA

2. Publicly Available Protocol V

3. Search Strategy V

4. Study Screening, based on PI/ECO V Populations, Exposure,
Comparators, OQutcomes
Prisma: “l” for “Intervention”

5. Data Collection V ROSES: included after step #6

6. Evaluation of Study Validity*

7. Summary of Results V

8. Evidence Synthesis/Integration and Other IRIS separates synthesis from

Analyses Across Studies integration (or WOE)

9. Summary Conclusions (qualitative or May be qualitative or

quantitative) and Limitations (i.e., of the guantitative; limitations of both

review; of the evidence the review and evidence base

* in IRIS we have been including some components of #6 in our evidence mapping 7
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“systematic reviews are not limited to a particular scope” (Deeks et al., 2011 [Cochrane])

Reviewers are often “challenged with integrating the results from a broad and heterogenous evidence
base” (Whaley et al., 2016 [Environment International])

Scope of Review - broad versus targeted systematic review, systematic map, or rapid review, determined by:

* Decision Context (e.g., immediacy of need; prioritization versus rulemaking)
* Availability of well-conducted Systematic Reviews or Systematic Maps
* Resource Constraints

* Database Composition. For example, for environmental health:

* (linical and Preclinical Medicine- Narrow PECO: defined effect [I.Q. change] in a defined population [children
aged 6-9] receiving a defined intervention and dosage, typically with a pre-specified frequency and duration.
Scope: 5-15 studies (generally 10s of homogeneous data points)

» Traditional Review- Broad PECO(s): any effect in any population exposed to any level of the agent with any
frequency for any duration. Scope: 20-100 studies (generally 100s of heterogeneous data points)

* Non-Traditional Review (e.q., Prioritization)- Variable PECO(s): depends on the type and quantity of data
available, and intended use. Scope: 2-1000* studies (can be 1000s of heterogeneous data points) 8
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Randomized control trials Required

Guideline animal studies Sometimes

Observational epidemiology

studies (typically long-term) Sometimes

Other medium- or long-term
animal studies

Acute exposure (human cases .
P (. .. Yes Yes Yes Yes Sometimes
or volunteers; animal toxicity)
Mechanistic studies (in vitro; . ,
Sometimes Yes Sometimes
molecular screens)

Read-across or similar

Generally unavailable I:l Often available, but generally not used in assessments

. - ) 9
supporting decision- making
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Exponential growth of tools

Validation efforts often limited to
traditional systematic review topics

Applicability to more heterogeneous
evidence bases remains unclear

Need for fit-for-purpose application
through demonstration (case studies)

Collaborative testing is underway for
diverse data sources...

wordclouds.com

Quick Search Advanced Search

Heard of afool? Try searcking for i

systematicreviewtools.com

11
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Assessment
Initiated

Literature
Inventory

Systematic Review
Protocol

Scoping

Initial Problem Literature

Formulation

SWIFT Review

Problem formulation and
screening prioritization

HAWC (manual only)

Distiller® (manual, but also has
machine learning)

SWIFT Active™ (machine
learning)

Reference screening and tagging
Qlik Sense, Tableau, Power Bl
Interactive screening results and
literature inventory

HERO

Refined Edaluation
Search, Screen Pid

Evidence
Integration

Data
Extraction

Study
Evaluation

Derive Toxicity
Values

Assessment
Developed

Organize Hjzard
Reviey

Evidence Synthesjs

Select and Model Studies

5 ¥

8 5
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Modules to g .p p' Y,

track multiple evidence profile
i tables*

reviewer

study

evaluations*

Extracted
data storage

meta-regression,
categorical
regression, model
averaging

Manvy tools available; can reduce
screening burden by >50%

*supports (or will support) multiple evaluators and tracking
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® Cochrane Collaboration: hitns: / fwwew cochrane, or

- Probably the most well-recognized international name in systematic review; primary focus on controlled trials

— Reviews are developed within Cochrane

- Protocols are peer-reviewed and published

[Learning resources and software tools (e.g., Covidence; RevMan) for developing Cochrane reviews are provided on the website]

® Prospero: hitns:/ /www . ord, vOork.ac.uk/prospers

- |nternational, public registry of protocols for a variety of topics
- Allows for comparison of completed review with protocol planned at inception

® Campbell Collaboration: hitins:/ /www.campnelicoliaboration.or

- |nternational repository of protocols and reviews developed following standardized templates and procedures
- Protocols undergo review by editors, a content expert, and a methods expert, and are published

® Considerations for Tailored or Targeted Approaches

- Generally expected for all formal systematic reviews

- As implemented in IRIS, protocols are posted when reviews are expected to contain formal conclusions (document decision rationale)
» Thus, most systematic evidence maps would not include a protocol, whereas most “updates” would

- Protocol should describe and justify any tailored focus (e.g., to particular populations, routes or exposure level ranges, or outcomes) 14
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® Best Practices for Literature Searches (IRIS Tools: HERO):

- Include multiple electronic databases relevant to the topic area of the review
— Include methods for identifying “qray literature”, such as unpublished research reports

- Involve an information specialist in the design of the search strategy

- Document search strings, search dates, and process for regularly updating the literature search

- Include methods for identifying missed studies (e.g., public input; comparison to references in other [systematic]
reviews; review studies citing those identified as relevant to the review)

® Considerations for Tailored or Targeted Approaches

- Scope of the literature search(es) (targeted focus) should be defined based on the research objectives, e.g.,

» Conducting multiple health effect-specific searches rather than a comprehensive search

» Limiting search to studies in particular species or relevant to a subset of potential human exposure scenarios
- Consider the utility of adopting and updating literature searches in other, similarly scoped systematic reviews

» Requires consideration of the rigor and comprehensiveness of the prior search

15
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® Best Practices for Literature Screening (IRIS Tools: Distiller; SWIFT Review and Active; Tableau; HERO):

- Use two, independent screeners with a process for conflict resolution

- Validate and pilot-test (Note: useful to capture basic study characteristics during, or subsequent to, screening; next slide)
— Document screening decisions {e.q., use of “tags”; literature flow diagrams)

- PECO criteria are typically used for screening decisions; handling of non-PECO studies should be described
- Study quality considerations should not be used as screening criteria for relevance
» Could include as a “first-pass”, preliminary study evaluation consideration

® Considerations for Tailored or Targeted Approaches

- Machine learning-based approaches are often useful for large databases

« Should document the anticipated comprehensiveness of the strategy (e.g., SWIFT approximates a % studies identified)
- Consider utility of adopting and updating literature identified as relevant in other, similarly scoped systematic reviews

» Requires consideration of the rigor and comprehensiveness of the prior search and screening process

® Today’s Relevant Topics: Amina Wilkins (ORD-NCEA)- SWIFT Review and Tableau; Lyle Burgoon (USACE)- use of Al for
screening; Kellie Fay (OCSPP-OPPT)- Bioportal ontology lookup tool; Ashlee Aldridge (OCSPP-OPP)- Use of Endnote to
identify key epidemiology studies; Linda Phillips (ORD-NCEA)- S.R. for updating the PCB exposure estimation tool
16
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|| Web of Science
{n=R47} {(n=1.283)

{n=1133)
L

Records after electronic duplicate removal

{n=2780}

Title & Abstract Screen

PubMed

Cther sources TOXLINE

(n=113)

® Documents results and rationale

® HERO can be used to share
repositories of included, excluded,
and supplemental studies

after duplicates removed —— Excluded {n = 2640} .
[n = 2885) e Mot relevant to PECO {n=2640)

Inventoried for Additional
Consideration {n = 198}

s Did not mect PECO criteria, but

tagead as aipnlsiental shidies

Excluded (n =9}
s Nat relevant to FECO (13=3)

« Review, commentary, letter {n=4}
e Conference sbstract {n=1}

« IInable to obtain full-text {n=1}

Full-Text Screen
(n=47}

Inwentoried for Additional
Consideration {n = 10}

¢ Did notineet PECO criteris, but

taceed as sunolemenital afudiec

. Inventoried and Included in the |
Analysis {n=18)

»  Humoan {n=11}

«  Apimal {n-16)

«  PRPH(n-1}

Example modeled on the draft

chi | (2018 v
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Hased o e mngd Abstract does e acticle contsin relsvant homan, animal, or in
ity weidenne ¥

*Forms Independently Entered by 2 Reviewers™

Example Distiller form {(chioroform PECQO) 18
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® Best Practices for Study Evaluation in Systematic Reviews (IRIS Tools- HAWC):

- Should address internal validity (How reliable are the results?), aka “risk of bias” (RoB). Some approaches go beyond RoB.

- When possible, use 2 independent, topic-specific experts and a process for conflict resolution and decision documentation.
-~ Most commonly this is done in an outcome-specific manner (outcome-specific considerations may be developed, if needed)
- Expert judgment is an intrinsic part of study evaluation; thus, use of topic-specific experts is preferred.

— Results of the individual study reviews should influence evidence synthesis decisions; the protocol should describe ‘how’

— NAS (2014): “EPA should select a method that is transparent, reproducible, and scientifically defensible. Whenever possible,
there should be empirical evidence that the methodologic characteristics that are being assessed in the IRIS protocol have
systematic effects on the direction or magnitude of the outcome...for each type of study design in each data stream.”

® Considerations for Tailored or Targeted Approaches

- |t may be possible to prioritize studies for individual-level review (e.g., by study design or testing of specific endpoints). In
these cases, it may be decided that sufficient data to draw conclusions can be reached w/o non-prioritized studies

« Any such decisions should be tracked as a revision to the protocol
- For some applications (e.g., evidence mapping), a subset of the study evaluation criteria may be applied as a first-pass tool

« Considerations applied as a first-pass should generally be highly impactful to the overall review (typically on exposure)

® Today’s Relevant Topics: Becky Nachman (ORD-NCEA)- IRIS Epidemiology study evaluation; Eva Wong (OCSPP-OPPT)- TSCA
exposure assessment; Michael Breen (ORD-NERL)- future directions for epidemiology exposure assessment in air pollution
ED_004465_00012138-00019
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® Best Practices for Data Extraction (IRIS Tools- HAWC; BMDS; R; GraphPad Prism; TableBuilder; most do not talk to HAWC):

- Include a QA process (e.g., one reviewer entry and independent verification). Tools should allow QA’d data to be ‘locked’.

- Apply consistent terminology (across review products; across centers conducting similar reviews; next slide)

— |t often makes sense to copy and paste basic methods text from the study to avoid errors and interpretation

- Transformed data and other information not included in the publication should be tracked and publicly accessible

- Reviewer and author judgments should be clearly identified as such (e.g., N/JLOAEL calls), with explanations

- Visualizations should support the evidence synthesis, and allow for evaluation of study heterogeneity on a given topic

® Considerations for Tailored or Targeted Approaches
— In some cases, full extraction of study data is not efficient (‘extraction lite’ is preferred). Similarly, detailed tables and
graphics might be included for only a subset of topic areas (e.g., health hazards for which a conclusion will be drawn).
» Consider the types of study designs, outcomes, etc. are likely to be emphasized in the review.
— Although currently uncommon, future efforts to share QA’d data across overlapping reviews could reduce redundancy

® Today’s Relevant Presentations: Cathy Fehrenbacher (OCSPP-OPPT)- Effective data extraction and use of outside expertise;
Ed Perkins (USACE)- Cross-agency collaboration opportunities and communication challenges; Kate Schofield (ORD-NCEA)-
The Ecological Evidence Exchange; Andy Rooney (NTP)- Machine learning and automation to address assessment challengeg1
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® Best Practices for Evidence Synthesis and Drawing Conclusions (IRIS Tools- HAWC; Metafor):

- The evidence synthesis should probe and investigate potential explanations for heterogeneity across studies

-~ When calculating estimates across studies (e.g., a meta-analysis), it is preferable to do so de novo, rather than relying on
existing estimates, primarily due to the need to document and justify all decision steps.

» However, it can be useful to review such analyses for relevant studies and considerations

- The conclusion(s) from the review should be succinct, clear, and well-supported. There should be a transparent rationale
for all decisions, and any significant uncertainties (in both the review and the evidence base) should be described.
Quantitative summaries should include both the point estimate and confidence interval.

- Frameworks exist for drawing transparent expert conclusions for a body of evidence, e.g.,: GRADE; EPA-IRIS; NTP-OHAT

® Considerations for Tailored or Targeted Approaches

— For conclusions on which a clear scientific consensus exist, consider starting from that conclusion as a baseline
» E.g., it is known that methylmercury causes CNS effects, so review focus is on studies informing dose-response
- A conclusion(s) from a systematic review exists that could be similarly incorporated as a starting place
» The rigor, reporting, and comprehensiveness of the review should be evaluated
— Tools exist to evaluate existing systematic reviews, e.g.,: AMSTAR checklist; CASP checklist; Joanna Briges Instifute

® Today’s Relevant Topics: Jeanette Reyes (ORD-NCEA)- ISAs exposure assessment; Micah Bennett (ORD-NCEA)- nutrient-

stressor response; Jessica Frank (ORD-NERL)- lead exposure assessment; Andy Rooney (NTP)- OHAT evidence integration
ED_004465_00012138-00023
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Studies and
interpretation

Factors that increase
strength

Factors that
decrease strength

Summary of findings

Within stream

evidence judgments

Inference across
evidence streams

Overall conclusion

[Health Effect or Outcome Grouping]

Evidence from Human Studies (Route)

e References

¢ Study confidence

e Study design
description

e Consistency

¢ Dose-response gradient

¢ Coherence of observed
effects

¢ Effect size

¢ Mechanistic evidence
providing plausibility

¢ Medium or high
confidence studies

¢ Unexplained
inconsistency

e Imprecision

¢ Low confidence
studies

e Evidence
demonstrating
implausibility

¢ Results across studies

¢ Human mechanistic evidence
informing biological plausibility

Describe strength of the
evidence from human
studies, and primary basis:

P Robust
PP Moderate
SO Slight

OOO Indeterminate
— — — Compelling
evidence of no effect

Evidence for an Effect in Animals (Route)

e References

¢ Study confidence

e Study design
description

e Consistency and/or
Replication

e Dose-response gradient

¢ Coherence of observed
effects

e Effect size Mechanistic
evidence providing
plausibility

e Medium or high
confidence studies

¢ Unexplained

inconsistency

Imprecision

¢ Low confidence
studies

e Evidence
demonstrating
implausibility

e Results across studies

¢ Animal mechanistic evidence

biological plausibility

informing

Describe strength of the
evidence for an effectin
animals, and primary
basis:

DD D Robust
BPHO Moderate
PBOO Slight

OOO Indeterminate
— — — Compelling
evidence of no effect

¢ Human relevance of
findings in animals
e Cross-stream
coherence
¢ Other inferences:
o Information on
susceptibility
o MOA analysis
inferences
o Relevant
information from
other sources (e.g.,
read across)

Describe conclusion(s) for the

integration of all available
evidence:

D PP Evidence
demonstrates

DPE Evidence indicates
B OO Evidence suggests
O OO Evidence
inadequate

— — — Strong evidence
supports no effect

Summarize the models and
range of dose levels upon
which the conclusions were
primarily reliant
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The principles of S.R. are applicable to all Environmental Health (EH) data
Operationalizing S.R. for heterogeneous and oftentimes extensive EH evidence can be hard

Case studies in application are needed to validate and refine tools for different applications

Tools and approaches are needed to address aspects uncommon in clinical med. (e.g., exposure assessment)

Reviews should be fit-for-purpose

It is increasingly clear that collaboration is key
(there are a lot of folks engaged on this topic)

25
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NCEA SR Approaches
Xabier Arzuaga
Laura Dishaw
Catherine Gibbons
Barbara Glenn
Karen Hogan
Andrew Kraft
April Luke

Beth Radke

Kris Thayer
George Woodall
Erin Yost

IRIS Program Planning
James Avery

Tina Bahadori

Emma Lavoie

Dahnish Shams

Vicki Soto

Kris Thayer

Automation Tools
Michelle Angrish
Audrey Galizia
Amanda Persad
Sue Rieth
Michele Taylor
Andre Weaver

BTEGRATED R
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Systematic Review in Exposure Science: Use of SR
Tools in Developing Literature Search Strings to
|dentify Exposure Studies and
Visualization of SR Data

Thursday, April 25, 2019
Amina Wilkins
U.S. EPA/ORD/NCEA/IRIS Program

“The findings and conclusions in this report (presentation) have not been formally disseminated by the U.S. EPA and should
not be construed to represent any agency determination or policy.”
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* Difficult to identify studies with human exposure data

* Exposure and fate encompass a wide and diverse range of topics
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* Goal: provide non-chemical specific search strings to identify exposure
and fate records (can be used in PubMed, WoS, Toxline, etc.)

* Assembled a team of agency exposure & fate experts from various EPA
program offices, including ORD & OCSPP
o Working with a HERO library scientist
o Assembling previously used search strings

o Experts are providing sets of ‘on-’ and ‘off-’ topic references to HERO; and
providing a list of relevant and prioritized keywords

o HERO is iteratively testing search strings (trying to decide best approach; i.e., for
Boolean terms OR term OR term vs. (term OR term) OR term; exploring use of
HERO Classifier tool

o Need to decide how granular to get with main and subcategories

ED_004465_00012138-00029



Sources, Production, Uses

Source
Production
Use
Ernission
Formation
Release

Manufacture; industry

Populations with Potentially

Greater Exposures

Occupational exposure
Infants; children
Mative American: tribal

Highly expossad

Erwvironmental Concentrations

Potential for Human Exposure

Concentration
Media
Air; atrnospheric
Bust
Water
Surface water
Groundwater
Effluent
Sofl
Sediment
Fish: shelifish
Food
Drinking water

Consumer products

Exposure; dose
Ingestion; oral; consumption
Dermal
Inhalation
Contact
Body burden
Biomonitoring; biomarker
Biood
Serum
Plasma
Urine
Cord blood
Human milk: breast milk

Average daily dose; average daily intake

Environmental Fate and Transport

Persisternce Half life

Fate Erwironmental media
Transport Alr

Adsorption Water
Violatilization Soil

Partitioning Sediment
Photolysis Aguatic organisms
Hydrolysis Terrestrial organisms
Mability

Bioconcentration; bicaccumulation;
Biomagnification; accumulation

Degradation
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* Contract with Sciome, developers of SWIFT Review, to test the
performance of the HERO search strings and make recommendations for
improving the search

* |dentify relevant exposure references

* Correctly tag or categorize references
* Comparing search string results to human, manually screened data

* Sciome Workbench for Interactive computer-Facilitated Text-mining
* Free software program that assists with literature prioritization

* Search strings will be useful to SWIFT but can also be used by anyone to
identify exposure and fate references
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EPA HERO

e Literature searching
* Provide .RIS files

Health & Environmaentsl Besearch Online

* Landscaping
* Targeting

 Screening
 Tagging
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Chemical A

Endocrine

Mutritional and Metabolic
Hematological and Immune
Hepatic

Developmental

[No Tag]

Meurological

Cancer

Maortality

Gastrointestinal
Respiratory
Cardiovascular

Ocular and Sensory
Reproductive
Musculoskeletal

Renal

Skin and Connective Tissue
Total

243

_Health Outcomes E}’g Year

1,550

1,642

1,483

1,585

1,608

398
361
217
295
186
174
107
26 148
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Targeting *slide provided by A. Persad; modified by A. WilRins *
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Based on TIAB does the article contain PECO relevant human or # [Humarn: Any population and life stage {e.q., children, general population, occupationa
animal evidence? of high exposure from an environmenial souwrce). The foliowing study designs will be
considered most informative: controlled exposurg, cohort, case-controd, cross-section
ey and ecological. Note: Case reports and case series will be racked dwing study
screening, but are not the primary focus of this assessment.

Ardmab Nonhuman mammalian animal species (whole organiem} of any life stage
{inciuding preconception, in uterg, lactation, peripubertal, and adult stages).

E |Human: Exposure 1o acrolein via iation. Exposures quantified by either actual
exposure measurements or cocupational exposure history are preferred. Subchronic
and chronic studies should be differentiated from shorter-term sxposure durations.
Animal:

¥ BN

These data that can

be tracked and % [Hurman: A comparison o reference population exposed to lower levels (or no
exposure’exposure below detection imits) of acrolein, or exposed to acrolain for
visually displayed. shorter periods of time.

Animal: A concurrent control group exposed to vehicle-only treatmeant.

etle nmndoe
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Chemical C

Animal
uman
In Vitro

Air Pollution

(mesh_mbh:( "air pollution” OR "air pollutants" OR "particulate matter" OR smog OR soot OR "vehicle emissions" OR "motor
vehicles" )) OR pharm_actions:"air pollutants" OR ( tiab: { "air pollution" OR "air pollutant” OR "air pollutants" OR
"particulate matter" OR "PM2.5" OR "PM(Z.S?" OR PM10 OR "PM(10)" OR smog OR soot OR "carbon black" OR "black
carbon" OR "elemental carbon” ?) OR ( tiab:(( air OR airborne OR coarse OR ultrafine OR fine ) AND ( particle* OR
particulate*))) OR ( tiab:(( vehicle OR vehicles OR vehicular OR auto OR automobile OR bus OR buses OR car OR truck* OR
engine OR traffic OR transport* ) AND ( emissions OR exhaust OR fume* ))? OR (( tiab:( air OR outdoor™* OR outside OR
ambient OR pollut™ OR emissions OR exhaust™ )) AND ((( tiab:( SO2 OR "sulfur dioxide" OR ozone OR O3 OR "hydrogen
sulfide” OR H2S OR "carbon monoxide" OR "nitric oxide" OR "nitrogen oxide" OR "nitrogen oxides" OR "nitrogen dioxide" OR
"NOx" OR "NO(x)" ORNO2 ))) OR ( mesh_mbh:( "sulfur dioxide" OR ozone OR "hydrogen sulfide" OR "carbon monoxide" OR
"nitrogen dioxide" ))) OR mesh_mh:( "volatile or%anic compounds” OR "fossil fuels" ) OR tiab:( "volatile organic compounds"
OR gasoline™ OR diesel OR petrol* ) OR mesh_mh_noexp:( "Polycyclic hydrocarbons, aromatic” ) OR mesh_mh:(
"benzo(a)pyrene" OR benzene ) OR tiab:( "polycyclic aromatic hydrocarbon*" OR "benzopyrene” OR "benzo-a-pyrene"” OR
"3,4-benzopyrene” OR benzene )) OR tiab:( indoors OR "air quality" ) OR tiab:( indoor AND ( "air pollution” OR smoke )) OR
mesh_mbh:( "tobacco smoke pollution” OR smoking ) OR tiab:( "secondhand smoke" OR "secondhand smoking" OR "second
hand smoke" OR "second hand smoking" OR "passive smoke" OR "passive smoking" ) OR tiab:(( smoke OR smoking) AND
(cigarette OR tobacco OR cigar®)) OR tiab:woodsmoke OR (({ mesh_mh:wood OR tiab:( wood OR firewood OR biomass* OR
charcoal OR fuel OR fuels OR gas OR gasoline OR kerosene OR dung OR manure })) AND ( mesh_mh:smoke OR tiab:( smoke
OR smoking OR combust™ OR burn* OR burning ))) OR mesh_mh:radon OR tiab:radon
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Note: Chemical C

*  Not mutually exclusive
*  Some references will likely be off-
topic- screening still recommended!

Animal
uman
In Vitro

Air Pollution

Air Pollution

(|mesh_mh:( "air pollution” OR "air pollutants" OR "particulate matter" OR smog OR soot OR "vehicle emissions" OR
"motor vehicles" )) OR pharm_actions:"air pollutants” OR ( tiab: ( "air pollution™ OR "air pollutant" OR "air pollutants”
OR "particulate matter” OR "PM2.5" OR "PM(2.5)" OR PM10 OR "PM(10)" OR smog OR soot OR "carbon black” OR "black
carbon"” OR "elemental carbon” ?) OR ( tiab:(( air OR airborne OR coarse OR ultrafine OR fine ) AND ( particle® OR
particulate*))) OR ( tiab:(( vehicle OR vehicles OR vehicular OR auto OR automobile OR bus OR buses OR car OR truck*
OR engine OR traffic OR transport™ ) AND ( emissions OR exhaust OR fume* ))? OR (( tiab:( air OR outdoor* OR outside
OR ambient OR pollut®* OR emissions OR exhaust™* )) AND ((({ tiab:( SO2 OR "sulfur dioxide" OR ozone OR O3 OR ”hg/dro en
sulfide" OR H2S OR "carbon monoxide" OR "nitric oxide" OR "nitrogen oxide" OR "nitrogen oxides" OR "nitrogen dioxide"
OR "NOx" OR "NO(x)" OR NOZJ)) OR ( mesh_mbh:( "sulfur dioxide" OR ozone OR "hydrogen sulfide" OR "carbon
monoxide" OR "nitrogen dioxide" ))) OR mesh_mbh:( "volatile organic compounds" OR "fossil fuels" ) OR tiab:( "volatile
organic compounds"” OR gasoline™ OR diesel OR petrol* ) OR mesh_mh_noexp:( "Polycyclic hydrocarbons, aromatic" ) OR
mesh_mh:( "benzo(a)pyrene"” OR benzene ) OR tiab:( "polycyclic aromatic hydrocarbon™" OR "benzopyrene" OR "benzo-
a-pyrene" OR ”3,4—benzoEyrene“ OR benzene )) OR tiab:( indoors OR "air quality" ) OR tiab:( indoor AND ( "air pollution"
OR smoke )) OR mesh_mh:( "tobacco smoke pollution” OR smoking) OR tiab:( "secondhand smoke" OR "secondhand
smoking" OR "second hand smoke" OR "second hand smoking"” OR "passive smoke" OR "passive smoking" ) OR tiab:(
smoke OR smoking) AND (ciﬁarette OR tobacco OR cigar®)) OR tiab:woodsmoke OR ({ mesh_mh:wood OR tiab:( wood OR
firewood OR biomass* OR charcoal OR fuel OR fuels OR gas OR gasoline OR kerosene OR dung OR manure )) AND (
mesh_mh:smoke OR tiab:( smoke OR smoking OR combust™ OR burn™ OR burning })) OR mesh_mh:radon OR tiab:radon
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(mesh_mbh:( "specialty uses of chemicals" OR "toxic actions" )) OR

( mesh_mh_noexp:(environment OR "environmental pollutants” OR "noxae" OR "environmental pollution" )) OR

( mesh_mbh:( "air pollutants" OR "carcinogens, environmental” OR "endocrine disruptors" OR "hazardous substances” OR
water pollutants"” OR "carcinogens" OR "cardiotoxins" OR "cytotoxins" OR "dermotoxins” OR "immunotoxins" OR
"mutagens” OR "neurotoxins” OR "teratogens” OR "pesticides" OR "air pollution” OR "environmental exposure” OR "water
pollution" )) OR

( pharm_actions:("hazardous substances"” OR "environmental pollutants” }) OR

( tiab:( xenobiotic* OR xenoestrogen* )) OR

(tiab:( "environmental agent*" OR "environmental chemical*" OR "environmental compound™*" OR "environmental
contaminant™" OR "environmental determinant™" OR "environmental estrogen*" OR "environmental exposure*" OR
"environmental factor*" OR "environmental influence™*" OR "environmental stress*" OR "environmental epigenetic*" )) OR
( tiab:( carcinogen OR carcinogens OR carcinogenic OR teratogen OR teratogenic OR mutagen OR mutagens OR mutagenic
OR pollutant® OR pollution OR cardiotox* OR dermotox™ OR immunotox™ OR nephrotox* OR neurotox™® OR toxicant™ OR
toxin™® ))

OR ( mesh_mbh:teratogens ) OR ( title:( environment™ AND epigen*)) OR

( tiab:( "chemical compound™" OR "chemical exposure*" OR "chemical mixture*" OR "chemical product™*" OR "chemical
substance*" OR "hazardous compound*" OR "hazardous exposure™" OR "hazardous mixture*" OR "hazardous product™" OR
"hazardous substance*" OR "industrial compound™*" OR "industrial chemical*" ))
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Exposure & Fate Searc tring&Tagging

. IRIS M | Tagging T
Development Experts and Oversight Team > Manual Tagging Team

* Steven Dutton e Danielle Moore * Carolyn Gigot

* Emma Lavoie * Iris Camacho * Andrew Greenhalgh
* Janice Lee * Marcy Card * Kelly Garcia

* Amina Wilkins * Nerija Orentas * Michele Taylor

* Linda Phillips * Cory Strope * Michelle Angrish

* Elaine Hubal * Chantel Nicolas e Amina Wilkins

* Peter Egeghy * John Wambaugh
* Kristan Markey
* Ryan Jones
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SR Data Visualization



* Screener data — names, number, amount of time spent reviewing, etc.

e References and bibliographic information
* ‘Included’ and ‘Excluded’ references (including counts for each)
* Tags (Included, Supplemental, Excluded)
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Reviewsr 12
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Figure 7. Summary of main findings in new epidemiological studies
Click here to view the interactive version and a more detailed description of findings and exposure assessment.
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* Develop the exposure and fate search strings

* QA the search strings using SWIFT-Review
* Develop the “organic” chemical-free seeds for SWIFT-Review
* Make the search strings and seeds available to the public

 Further refine our interactive visuals

ED_004465_00012138-00064



* Kris Thayer

* Janice Lee

* Toxic Pathways Branch

* Manual Tagging Team

* Exposure & Fate Literature Search String Development Experts
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* Develop the exposure and fate search strings

* QA the search strings using SWIFT-Review

* Develop the “organic” chemical-free seeds for SWIFT-Review
* Make the search strings and seeds available to the public

e Further refine our interactive visuals

Amina Wilkins
EPA/ORD/NCEA
IRIS Program

Wilkins. Amina@epa.gov
(202) 564-1224
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SS1 vs. SS2 $51<SS2 SS1 might be a better approach

SS+Chemical vs. PubMed&Chemical SS+Chem ~ PubMed&Chemical Search SS might be too broad

SS+Chemical and On-topic PMIDs SS+Chemical identifies all or most PMIDs Likely good
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Included Supplemental Excluded

Wihat kind of evidence stream? What kind of supplemental material? i reference is excluded, please indicate the reason:

Which health cutcomes apply?

These data that can be
tracked and visually
displayed.

L gastrointe
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Objectives for Talk

* Challenges in using Al for literature screening

* How we normally do this

* Thoughts on Al performance (and what to look for)

* Temper user expectations in the near term




Objective: Literature Screenin;

 Lots of papers
* Quickly get rid of irrelevant ones
* Don’t want to miss relevant papers

e Operationally this means (true for all screening apps):

* Accept false positives
* Require low false negative rate




How Do We Teach Computers?

* Focus on supervised methods
e Tell the computer what papers we want vs don’t want

neers » Engineer Research and Development Center



How Do We Teach Computers
This Paper, Not That Paper

* If chemical or stressor-specific screening
* Grab a bunch of papers at random
e Screen by hand and label
* Relevant vs not relevant

 Machine Learning
* Assess performance using k-fold cross-validation
* Looking for high specificity and high true positive rate
* You want to tolerate false positives




How Do We Teach Computers
This Paper, Not That Paper

* If general screening (not specific to a chemical or stressor)
* Be prepared

* You will need a lot of papers that are hand-screened that span multiple
chemicals or stressors

* Grab a bunch of papers at random
* Screen by hand and label
* Relevant vs not relevant
* Machine Learning
* Assess performance using k-fold cross-validation
* Looking for high specificity and high true positive rate
* You want to tolerate false positives




What Is the Computer Modeling?

* TF-IDF: Term frequency-inverse document frequency

_number _of times term__occurrs

. TF
Term frequency (TF) total words document

* Inverse document frequency (IDF)

total number documents ]

IDF = log(

number documents with term

TF-IDF =T7F* [DF




Example

* Screen papers on
2,3,7,8-
tetrachlorodibenzo-p- ( )

dioxin (TCDD) IDF =log total number documents

\ number documents with term

e All Eapers have “TCDD” )
500

int
IDF =log| — |=1og(1)=0
e 500 papers g\SOOJ =

e TC-IDFwill=0 TF-IDF = IDF *0=0

* Algorithm not likely to
use “TCDD”




What Will ML Algorithm Do?

* “Looking” for patterns of term occurrences based
on TF-IDF

* Different algorithms work different ways

e Random Forest
* Support Vector Machines
* Naive Bayes

US Army Corps of E sers » Engineer Research and Development Center




Caveats

* Classification models don’t extrapolate well

* If paper X is vastly different from papers in the training set
this won’t work well

e Classifying an article from The Daily Beast, BBC News, Washington
Post... (or name your favorite news source)

 Model: trained on scientific papers
* Outcome: ????
e Why?
* The word usage is likely to be very different

* Word frequency will be very different
* Model may respond in an unpredictable manner




Caveats

* Machine learning algorithms are like toddlers
* It models the world based on the information you give it

* If you only ever show a toddler:
 Green apples
* Red tomatoes
* Be prepared for
* Red apple =tomato (in toddler world)
* Green tomato = green apple (in toddler world)
* Breaking that association takes a lot of new evidence and retraining




Caveats

e Unbalanced data
* Typically
e Relevant papers < non-relevant papers

e Solution
* Undersampling (non-relevant papers) + Bagging
e Oversampling (relevant papers) + Bagging




Objectives for Talk

* Challenges in using Al for literature screening

* How we normally do this

* Thoughts on Al performance (and what to look for)

* Temper user expectations in the near term
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* An agreed upon knowledge representation about a subject
Provides a hierarchy of concepts/terms (classes) within the subject domains
Describes the relationships among the classes
e Data are stored as triples
e Subject-predicate-object
* Berlin is the capital of Germany
Human and computer readable
Usually depicted as a graphical relationship

oo Yhwough
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beratedd by
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* The bio-medical field is the most advanced in employing ontologies

Gene ontology (GO} most widely used/recognized

Other ontologies are being developed to describe
toxicology and exposure sciences:

ChEBI — Chemical Entities of Biological Interest
ENVO — Environment Ontology

EXO — Exposure Ontology

BAO — Bioassay Ontology

CHEAR — Children’s Health Exposure Analysis Resource
OBI — Ontology for biomedical investigations

ECTO — Environment Conditions and Treatments
ontology PhenX — PhenX Phenotypic Terms Ontology
(extends exposure ontoloties)

GO-CAMs — Gene Ontology - Causal Activity Model

i
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* Improved database querying
e UniProt
e Cochrane Database of Systematic Reviews — see Mavergames et al., (2013)
 Took a legacy database of systematic reviews of clinical results — using PICO framework
 Developed an ontology to model the system

* Computational Predictions
* Predict drugs as disease treatments
* Cross-species effects predictions (read across) to predict mechanism/genetic source or rare diseases

* Text mining
* To inform systematic reviews
e  SWIFT review
 To semi-automate data import
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BioPortal Ontology Browser nhttos://bioportal.bicontology.or

* 694 curated biological ontologies

Select Multiple Ontologies

e  ~10 million ontology classes Annotator

e G Adalab ontology (ADALARY

i Adatab-mets oniology (ADALAB-META}
G Adverse Bvent Repoding Orfology (AERO)
i agenbolx {OMOBET)

*  Recommender feature - Customizable algorithm for scoring - ASRoramy Gntoieey (AGRO)

i stexandre (QUITOPLAN)

S p ecifi C O nto l Og i es ba S e d O n cove ra ge’ a cce pta n ce’ deta i I Abter Brain &tlas (ABA) Adult Mouse Braln Ontology (ABA-AMB)

i Alleryy Datector B (ALLERGYDETEDTOR)

*  Annotator feature - matches ontology classes to input terms

H H H i Alehelmers disease oriviogy (S0
a n d S peCI a I I Zat I 0 n G amine Acid Ootology (SMIND-ATE

i Aenphiian Gross Sostomy Ontoingy (Sad

¢ SPARQL endpoint — RDF serializations of: ot o e o (54

i Anstrnaie Oniolegy for Human Lung Matusation (LUNSMAP-HUMAM
i Anatonde ontolegy for mouse jung maturaton (LUNGMAP MOUSE)

e  Ontology content
e  Ontology metadata (ontology context, creation date, I st e e
o Ontology mappm gs i Anthoiogy of BiosursaRiance Diseases (ABTY

e  User submitted

e Automated

 Representational State Transfer (REST API)

i Anatondn Fathology Lesioon (PATHLEX)
gioh paciad words B indode mapg L — y
! H Anatemicel Bntity Dntotogy (ABDY

o Anatamical Therapautic Shemical Diasaification (AT
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BioPortal Ontology Browser

*  Website allows user to guery a term
(or a paragraph) to find all ontologies
(or selected ontologies) with a
matching class

BUT! - Thyroglobufin Ab | bld-ser-plas
’ w Thyroglebulin Ab | Body fluid

%
|
. Thyroglobulin Ab | Cerebral spinal fluid
. Thyroglobulin Ab | Lyrph node FNA

. . . . Thyroglobudin Ab | Tissue FNA
 Toretrieve an ontology class identifier ' Thyroglobulin AbIgG

for a term (i.e., ECOTOX Code), the - Thyrodobulin fgh  bid-ser-plas
user must explore the linked site for

® No batch term processin

- Paripheral deiodinase activity
L Thyrold secretory capacity

each individual ontology separately - Thyroperoridase A
\ s w Thyrotropin receptor Ab
® Difficult to understand context for - Thyratropin receptor Ab | bid-ser-pias

- Thyrotropin receplor Ab | Blond cord

each match
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Java-based tool that uses the REST
web service API

Allows for batch processing and
makes use of BioPortal’s Annotator
and Recommender features

Returns information from each
matched ontology- drills down into
each ontology result for details

readlataFromBRE - Ravigator ¥

wologie

ntclogles/RIFSTD  classen/heipsSRREFR2 Fry

slibrary. ongdifoba

agy.newinfo. org¥ I THI

logy.crg/onsologles  NIFSTD classes /i tphiRi2FiEFpurl. cholibrary. oxgiiFekc!
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Input = text file of search terms (ECOTOX codes) Command line application

search_terms_bdeasl it - Motepad - O &

File Edit Format View Help

Biomass

Mormal

survival

Progeny counts/numbers
tength

Food consumption
argan weight in relationship to body weight
Population growth rate
Ipmobile

Damage

Abnormal

Gsergination

Growth, general

Output = CSV file of matched Ontology classes and details

Search Parameter
input=Biomass bdrmass The Ecosystem Oniciogy Birmass biomatier Bimmass is organic matbter dertved from lving, or recently Bvineg orgar hitpe ffpurh.dataone.orefodo/ECS0_ 00001118
| input=Biomass biomass Gene Regulation Ontology  Diomass bt/ fwwnw bootstrep. sufontolozy/ GROSBiomass
{input=Biomass organic material  Environment Ontology organic material  biomass Envircnmental material derived from living organisms, bt/ purt.obolibrary.orgfobo/ENYO_ 1000155
input=Biomass organic material Children's Health Exposure A organic material biomass Emvironmental material derbved from Hving organisms. bettns ,’f'gjur% oholibrary. orgfobo/ENYO 01000155
:érxputzaéumass organdc material eManoMapper orgamic material  blomass Environmental material derived from Hiving creanisms, bt fpurh.obolibrary.orgfobo/ENYO_DI000155
input=Blomass organic material GenEp0 organic material blomass Environmentat material derived from Hving organisms. bt ,fg:mr% obolibrary.orgfobo/ENYD_ 01000155
input=Mormal siormal National Cancer instiute The Mormal NORMAL Being approimately average or within certain limits; conforming wit hitp://ncich.ndnih.poyfamfowlf VS Thesaurus.o
input=Normal rrrEvial dlass Spectrometry Ontology normat Fverage A guality inhering in a bearer by virtue of the bearer’s exhibiting no ¢ http:/fpurt.obolibrary.org/obo/PATO 0000461
input=Normal normal Ascomyeete Phenoiype Onic normal witd type The observed phenotype shows no detectable difference between t hittp:/fpuri.obolibrary.orgfobo/8P0_ 00017
input=Normal porrral Ohstetric and Meonatal Onto normat aversgs A quality inhering in a bearer by virtue of the bearer’s exhibiting no ¢ hitpffpuri.obolibrary.org/obo/PATO J00045E
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* BioPortal Lookup Tool provides an update feature

* Internal database store to compare output of a new run with most recent run
* Read-in file capability to compare output of a new run with a previous output file

& B C
Input Term Matching Term Ontology Acronym
2 Assimilation of test chemical SMOMEDCT
Ratio HL7
Accurmmulation, general accumulation CHEAER
Transiocation transtocation GEND
Body concentration conceniration of CCONT
assimilation efficiency efficlency NIFDYS
Lethal body concentration rufticellular organism  CHEAR
Assimmiiation of test chemical SWEET
Sssimilation of test chemical YAMNDF
Assimiiation of test chemical UBERON

Ontology 1D

https/ fourl.bicontology.org/ ontology /STY/TI03
hitp:/ fourl.bioontology.orgfontology/HL7/C1547037

httoy/ fourl.obolibrary.org/obo/PATO G00I269

http:/ fpurl.obolibrary.orgfobo/50 0000199
hittpsffpurl.obolibrary.orgfobo/PATO 0000033

httpi/ fourl.obolibrany.orgfobo/PATO DOGIOZD
hitp:/fpurl.obolibrary.org{obo/UBERON 0000468

http/ fsweetontology.netfreprDataServicednalysis/ Sssimilation
hitpe/ fpurl.bicontology.orgfontology/STY/T103

httoe/fourl. bioontology.orgfontology (STY/TI03

* Ontologies necessarily evolve to reflect new knowledge and the technology is
being applied to new fields

STATUS
MEW

UNCHAMGED
UNCHAMGED
UNCHAMNGED
URCHANGED
UNCHANGED
URCHAMGED

MEW

UNCHANGED
| REMOVED
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The BioPortal Lookup tool is easy to use and customizable

1) Reads in simple text input files

2) Makes use of all features of the BioPortal ontology browser website
3) Query all BioPortal ontologies or select ontologies

Returns information that would require extra steps on the BioPortal site and maps
better than online tool

Allows for updates over time as ontologies are eliminated/added/ modified
Provides output as .CSV files
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US EPA — NHEERL

US EPA -NERL

Carlie LaLone
Dale Hoff
Colleen Elonen
Jennifer Olker

Rong-Lin Wang

GDIT

Michael Skopinski
Anne Pilli

Brian Kinziger
Stephen Erickson
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EPA OCSPP Presentation for Systematic Review in Exposure Science Summit

Ashlee Aldridge, Epidemiologist
Office of Pesticides, Health Effects Division
U.S. Environmental Protection Agency
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Tiered reviews are guided by Office of Pesticides Programs’ (OPP’s)

Epidemiological Framework published in 2016

Emphasizes study quality and weight of evidence

"Fit for purpose”

Required resources are “matched” or balanced against
any anticipated or expected information gain from
further, more in-depth research

ffice of Pesticide Programs
ffice of Chemical Safety & Pollution Prevention

Difice of Pesticide Progranw
Framework for bwarporating
Hurnan Epidemiologiv & hwident Baln in
Rink Assesuments for Pestivides

Becember Z8, 3016

Sifive of Pestivide Programs
% Envirnomental Protection Sgency
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= EPA’s Office of Pesticide Programs (OPP) has adopted a tiered assessment
approach to fulfill its regulatory mandate and respond to emerging public
health issues.

= Manage program workload
= Prioritize potential risk issues that warrant systematic investigation

Tier (I

Tier Il

Resources Public Health
Significance

Office of Pesticide Programs S B i 5

Office of Chemical Safety & Pollution Prevention
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= Tier I: Update to scoping exercise

= Research and evaluation generally limited to Agriculture Health Study
(AHS)-related publications

= Tier Il and Tier llls: Systematic review + multi-disciplinary integration

= Broader search of epidemiologic literature including comprehensive
data collection and systematic literature review

= Can involve more comprehensive epidemiologic methods

Office of Pesticide Programs
Office of Chemical Safety & Pollution Prevention
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BVIiews

= EndNote is a reference management software used to file, sort, and find
articles

= EndNote acts<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>